IMS/MS: its time has come
Just as tree rings can reveal not only a tree's age but also its growth conditions, ice cores record the meteorological story of the time when their frozen layers were deposited. As snow or ice falls to the ground and compacts, it retains the trace elements, particulates, and gases that permeate it. By peeling back those layers and reading their chemical composition, researchers can begin to piece together the ambient conditions that occurred during the layers' creation.
"In Antarctica, we have just a continuing layering [of ice] over several hundred thousand years of climate," explains Kaufmann. "The temperature on the plateau on Antarctica was never above 0°C, so we have a continuous archive." The European Project for Ice Coring in Antarctica's Dome C core, which has a record of ϳ800,000 years, is one such archive (Nature 2004, 429, 623Ϫ628); another is the 123,000-yearold core drilled by the North Greenland Ice Core Project. 
Every graduate student's nightmare
Kaufmann recently obtained his Ph.D., but he was a new master's candidate in Bern when he made his first foray to Antarctica with his lab's battle-tested CFA system. Flush with data, he returned to EuropeObut unfortunately, the hardware did not. Sometime after the equipment was loaded into a cargo container for transport and before the container was opened back in Europe, the CFA equipment, plus all the team's spare parts, disappeared. "When my professor told me, 'Hey, Patrik, the cargo container is empty, everything disappeared,' it was like a bad joke," Kaufmann recalls.
But it was no joke. It was time to start over. After securing funds from the Swiss National Science Foundation, Kaufmann, who has an undergraduate degree in physics as well as experience as an electrical engineer; Urs Federer, another graduate student on the project; and a team of mechanics and electrical engineers set out to build a next-generation CFA device that would re-create the original system and even improve on it.
Three ideas were key. The first was making the system easier to deploy in the field. The original design was shipped in piecesOvalves, tubes, detectors, and so onOand assembled on-site. Not only was this troublesome, it made system calibration and troubleshooting difficult, Kaufmann says.
The new system is modular, with three preassembled, rack-mounted unitsOfor melting, distribution, and analysisOthat need only be connected to get the system up and running. According to Kaufmann, this development makes field analysis of the ice core more
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productive. "In the old system, they did about 25 m per day, and now we do more than 30 m per day," he says. Every little bit helps when the core is 3300 m long.
A second improvement is the number of analytical channels. The current system has 11: the 8 the system originally had (Na ϩ , Ca 2ϩ , NH 4 ϩ , NO 3 Ϫ , SO 4 2Ϫ , H 2 O 2 , HCHO, and electrolytical conductivity), plus 3 others that are new (TAC, dust, and total organic carbon). At the moment, the TAC channel reports only the volume of air trapped in the ice, but the team is developing ways to analyze that airOfor instance, to quantify the concentration of gases such as methane.
A final improvement is the ability to control the temperature of each measurement module individually (the previous system had no temperature control). "That seems a bit like a not-soimportant thing, but it makes a huge difference if you measure at different, stabilized temperatures," says Kaufmann. For instance, while Na ϩ analysis performs optimally at 16°C, NO 3 Ϫ analysis works best at 22°C.
In a recent report in Environmental Science & Technology (2008, DOI 10 .1021/es8007722), Kaufmann and colleagues applied their system to a piece of Greenland ice deposited ϳ10,000 years ago, demonstrating that all 11 channels could function in parallel. The resolution was so high, the researchers found they literally could count ice layers, just as with annual tree rings. It was an "essential proof of performance," he says. Now Kaufmann and colleagues want to apply their CFA system to the deeper past to examine the climatology and glaciology of the Antarctic circa 800,000 years B.C.E. "It is kind of a big puzzle," he says.
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